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Abstract

We conducted a study on building-related respiratory disease and associaled social impact 1n an
olfice building with water incursions in the Northeastem United States. An initial questiennaire
had 67% participation (888/1327). Compared with the U.5. adult population, prevalence ratios
were 2.2 to 2.5 for wheezing, lifetime asthuna and current asthma, 3.3 for adult-onset asthma, and
3.4 fur symptoms improving away [rom work {p < 0.05). Two-thirds (66/103) of the adult-onsel
asthma arosc after occupancy, with an incidence rale of 1.9/1,000 person-years belore building
oceupancy and 14.5/1,000 person-years alier building occupancy. We conducted a sccond
survey on 140 respiratory cases, 63 subjects with fewer symptoms, and 44 comparison subcets.
Health-related quality of life decreased with increasing severity of respiratory symptoms and in
those with work-rclated symptoms. Symptom slatus was not associaled with job satisfaction or
how often yobs required hard work. Respiratory health problems accounted for one third of sick
Jeave, and respiratory cascs with work-related symptoms had more respiratery sick days than
those without work-related symptoms, {9.4 vs. 2.4 daysfyear, p < 0.01). Abnormal lung [unction
and/or breathing medication use was [ound in 67% of respiratory cases, 38% of participants with
fewer symptoms and 11% of the comparison group (p < 0.0}, with similar results in never-
smokers. Post-occupancy onset asthma was associated with less atopy than pre-occupancy onsel
asthma. Occupancy of the water-damaged building was associated with onsct and exaccrbation
of respiratory conditiens, confirmed by ohjective medical tests. The morbidity and lost work-
time burdened both cmployees and employers.



Introduction

As part of a program to study occupational respiratory disease in the nonindustnal environment,
we investigated building-related respiralory health in the employces of a large 20 story ofiice
huilding in the Northeastern U.S. Since the late 1990z, the building had incurred water intrusion
through the roof, around windows, and through shding doors of terraces. The upper floors had
suffered the most water damage and mold conlamination. During mvestigation of these
problems, the building was found 10 be operating at a negative pressure with respect to the
outdoors, which could lead to exacerbation of water incursion through the building envelope.
Iurthermore there had been plumbing eaks on many Noors which had damaged interior walls.
The first major construction activity rclated to waler incursion began n 2000, with repair of roof
copings and brick caulking, From 2000 to 2002, cubicle partitions and carpets were cleaned,
wetted carpet and stained wallboard replaced, wallpaper and underlying mold removed from
bathrooms, uperades to the air handling system made, and windows caulked. In 2002,
permancnl repairs on the building exterior began to prevent water incursion, including roof
replacernent.

Building oceupanis had reported health conditions thal they considered building-related.
Symplom cnset spammed several years with an increase in symptoms and frequency of
complaints beginning in the fall of 2000. Sentinel cases of post-veccupancy onset asthma,
hypcrsensitivity pncumonitis {HP), and sarcoidosis had heen diagnosed and relocated 1o another
faciliry. HP is an immune-regulated granulomatous disease which has been associated with
fungal contamination, and has been found to co-exist with asthina in damp effice buildings
{Arnow et al. 1978; Kreiss 1989; Hotfman et al. 1993, arvis and Morey 2001). Sarcondosis 1s an
immune-regulated granulomatous disease of unknown cticlogy.

In this article we report cvidence of excesses of respiratory symptoms and physician
diagnosis of asthma in the occupants of the water-damaged building as well as verificution of
sel reported respiratory illness with ohjective testing. We also describe the burden of illness in
1erms of sick absences, breathing medication usc, and health-related quality of hie.

Methods and Materials
Study Design and population

Seprember 2001 Questionnaire Survey. In Scptember 2001, we offered a questionnaire te all
1327 employces working in the building. The questionnairc was admimistered to groups of
approximately 50 cmployees al a time, using schedules preparcd by management. Durng each
group session, National Instilute for Occupational Safety and Health (NTOSH) staff descnbed the
purpose of the survey and the consent process, and read the questions aloud from overhead
(ransparencies as the participants completed them. By completing the questionnaire, the
participants were indicating consent (o Lake part in the survey. The questionnaire compriscd
sections on demographics; symptoms (upper and lowcr respiratory, systemic, headache and
difficully concentrating) in the last 4 weeks and 12 months, and in relation to being m the
building; physician-diagnosis ol asthina, 11P and sarcoidosis, with dates of diagnosis; smoking
history; and work history in the building. The compleled questionnaires were clectronically
scanned mto a data base with hand checking for quality control.



We used the Scptember guestionnaire (o identify a group of employces who had worked
in the building for at least one year and who met cither an epidemiological case definition for
lower respiratory illness or a comparison group definition. The respiratory case definitien was:
three or more of five lowcr rospiralory symptoms (wheere/whistling n the chest, chest tightness,
shortness of breatl, coughing, awakening by attack of breathing difficulty) occurning weekly
over the past month; ot at least two of three symploms consistent with I1P {shoriness ol breath
when hurrying on level ground or walking up a slight hill, fever and chills, flu-like achincss or
achy joints) oceurring weekly over the past month; or eurrent asthma with post-occupancy
physician diagnosis, or physician-diagnoscd HP or sarcoidosis. The comparison group definition
was: none of Lhe Tespiratory case lower respiratory or HP-like symploms in the past year, and
nonc of the respitatory case diagnoses.

June 2002 Medical Survey. We invited the 202 crployees who met the case definition
and the 154 employees who mel the comparison group definition to parlicipate in a questionnaire
and medical testing survey in June 2002, During the sile visit, an additional 15 employees
reguested 1o lake part in the survey. All participants provided wnllen informed consent
(approved by the N10SH Human Subjects Review Board). Results of the June questionnaire
were used to reelussify participants inlo the respiratory case or comparison groups. Participants
who reported lower respiratory or systemic symptoms bui who did not meel the critenia of a
respiratory casc formed a third, “fewer symptoms™ group.

Medical tests

Questionnaire. Participants compleled an interviewcr-administered compuler-based
guestionnaire. The June 2602 questionnaire included scctions on demographics, work hisiory,
health and symptom hislory, physician diagnoses, smoking, homc chvirommetit, job stress and
satisfaction as used in the U.S. Environmental Protection Agency (EPA) Building Asscssment
Survey and Evaluation (BASE) study (U.S.Environmental Protection Agency 1994}, and health-
related quality of life rom the SF-12 (Medical Outcomes Study, Short Form) (Ware, Jr. et al.
1996). We included questions on the use of beta-agomst and cornticostereid inhalers, over-the-
counter breathing medications, and other asthma medications in the previous four weeks, as well
as ural corticosteroid use in the previous 12 months, adapted from an asthma sevCtity score
modulc (Blanc et al. 1996). To help with recall, participants were askod 1o bring to their lesting
session a list of the medications that they were taking for breathing problems.

Spirometry. Qualified technicians lollowed standard guidehncs for spiromctry
(Amecrican Thoracic Society 1995). The test results were compared to cxpected values for a
healthy, nonsmoking person of the same age, height, sex, and race using spirometry refercnce
valucs and 5% normal confidence intervals generated from the third National Health and
Nuthtion Examination Survey (NHANES TIT) (Hankinson ct al. 1999). Abnormal tcst results
were categorized as having a patlern of obsituction, restriction, or & “mixed” patiem of both
airways obstruction and a low forced vital capacity (FVC) (Amcrican Thoracic Society 1993).
We defined airways obstruction as a low (orced expiratory volume in one second {FEV;) to FVC
ratio {FEV /FVC %) with low FEV,. Wt defined restriction as a low I V( and normal
FEV/I'VCY%.



Methacholine Challenge Testing (MCT). "T'o detecl bronchial hyperresponsiveness (BHR), we
performed MCT using standardized techniques (Crapo ct al. 2000) with 0.125, 3.5, 2, 8, and 32
milligrams per milliliter (mg/ml.) ol methacholine. Five breaths of nebulized methacholine were
administered for each dose, with FEV, mecasured 30 and 90 scconds later. IF FEV, dropped more
than 20% of the bascline value, no lurther methacholine was given. We reported methacholine
dose as PCyp, which is the provocative concentration of methacholine that causcs an mlerpolated
20% decline in FEV, from the baseline. We delined BHR as a PCyo 4.0 mg/mL or less, and
borderling BHR, as a PCay between 4.1 and 16.0 mgfmlL (Crapo ot al. 2000).

Rronchodilator Testing. In subjects with bascline FEV) less than 70% ol the predictled
value, MCT was not offered, but a brenchodilator test was offered Lo detect any reversible
bronchoconstriction. Two pufls of a beta-agonist were administered via metered dosc inbaler
and were followed by spitometey. We defined reversibility as a 12% and 200 miililiter FEV,
improvement alter bronchodilator administration {American Thoracic Socicty 1991).

Allergen Skin Prick Testing. Extracis of scven commmon indoor and ouldoor allergens
and three mold mixes were applied using the GreerPIK systemn (Greer Laboratonies, Lenoir, NC):
dusl mite mix (. farinae & D. pteronyssinus); Gorman cockroach (Blattella germanicay, cat
hair; 7 grass mix; ragweed mix; common weed mix; Eastern 8 tree mix; Dematinceas mix
(outdoor molds: Alternaria tenuis, Cladosporium herbarum, Helminthosporium satbvum,
Pullularia pullilans, Spondylocladium atrovirens, Curvularia spicifera); Aspergillus mix; and
Peniciflium mix. The nopative control was 50% glycerin in water, and histamine served as a
positive control. For cach wheal, the mean diameter {average of the length and width) at 15
minutes was calculated. A posilive reaction was defined as an average diamcter at least 3mm
larger than the nepative control and greater than 25% of the average diamcter of the positive
control. For the purposes of this study, atopy was delined as at least one positive skin test on
allergy 1usting, using a total of scven common antigen extracts (cxcluding the mold mixes).

Data analysis

W compared the prevalence raies of respiratory symptoms and sel [-reporied medical diagnoses
observed in the building occupants during the September 2001 survey to the TS, adult
prevalence rates obtamed from NELANES 11T (National Center for Health Statistics 1996), the
2001 data for the state from the Behavioral Risk Factor Surveillance System (BRFSS) (National
Center for Chronic Disease Prevention and Health Promotion Behavioral Risk Factor
Surveillance System 2001), and data for occupants of 41 office buildings with no known mdoor
cnvirenmental problems (Apte ¢t al. 2000). For comparisons with NHANES TIT, we used
indirect standardization for rucc {black, lispanic, white), gender, age (17 1o 39 ycars of age
versus 40 Lo 69 years of age), and cigarette smoking status {curment, former, or never smoker).
For comparisons with BRFSS, we standardized for gender. We derived 95% conhidence
intcrvals (CT) using a method which assumes that the obscrved data arc [rom a Poisson
distribution (Kahn 1989).

To estimate incidence density rates of physician-diagnosed adult-onsct asthma, lor cach
participant we calculated person-time at risk for two time periods: from age 16 ta bulding
ocenpancy and from building occupancy to the Scptember 2001 survey date. For subjects with
physician-diagnosed adult onsct asthma, lime at risk ended on the date of diagnosis. Time at risk
for cach participant was summed to give person-years at risk. Participants with childhond
asthma did not contribute any ume at risk.



We used SAS (version 8.02; SAS Institute Inc. Cary, NC, USA)} to analyze the data. Chi-
square lests were used in statistical analysis of two-way classification lables. We used the
Cochran-Muntel-Bacnszel test in analysis of differences between proportions after adjusiment
for smoking, and the Cochran-Armitage test in analysis for Jincar trends in proportions. We used
the GLM procedure to modcl number of days lost, and Duncan’s multiple range test for multiplc
MCANs COMPANsons.

Results of September 2001 survey

Participation. Participation was 67% (888/1327) in the cross-sectional gucstionnanre study.
Participants were predominantly white, in their mid-forties, former or never smokers, who had
been working in the building for about 6 vears {Table 1). We had demographic and participation
information on the 689 employees working for one of the two building enant organizations.
These employces had a mean age ol 45 years, 74% were white, 19% were black, and 53% were
female. There was 76% participation ameny these cmployees. Comparison between participants
and non-participants showed no diffcrences in mean age or race. There were proportionately
more lemales among participants than non-participants (57% vs. 40% p < 0.01).

Excess respivatory symptoms and physician-diagnosed asthma. In comparisans with
the U.S. adult poputation, prevalence ratios ranged from 2.2 10 2.5 for wheezing, lifetime asthma
and current asthma {p < 0.05) (Table 2). Nasal and eye symptoms had a higher prevalence in the
building occupants than lower respiratory symptoms, but had less of an elevation compared to
U 5. adulis (prevalence ratios 1.5 and 1.6, respectively p < 0.03). The butldmg occupants
reported whecze, nasal, or eye symploms improving when away from work at 3.4 times the rate
of the 11.S. population (p < 0.05}. Compared to the state adult population, prevalence ratios were
1.4 (95% CI 1.2--1.6) for lifetime asthima, and 1.5 (95% C1 1.3-1.9} [or current asthma. A
majority {60% to 70%) of participants with wheeze, chest-tighiness, shortness ol breath or cough
in the last 4 weeks reported an improvement in symptoms when away from the building.
Prevalence ratios for work-related lower respiratory symptoms compared 1o ULS. office workers
were clevated and ranged from 2.7 to 4.7 (p < 0.05) (Tablc 3).

Adutt onset usthma prevalence and incidence. The prevalence of adult-onset asthma
was 12% (103/865). A companison to the U.S. adull population gave a prevalence ratio of 3.3
{95% CT2.7-4.0). Two-thirds (66/103) of the adull-onsct asthma arose aflcr nccupancy ol the
study building. An analysis of adull onsct asthma incidence density was conducted hased on
19,173 persom-years at risk before building occupancy and 4,564 person-years at risk after
building occupaney. We found meidences of 1.9 per 1,000 person-years in the period hefore
building occupancy and 14.5 per 1,000 person-years in the period after building occupancy. The
incidence rate ratio was 7.3, indicaling a large increase in asthma incidence in the penad alter
huilding cccupancy.

Asthma symptom severity and exacerbation, The participants with post-occupancy onsct
physician-diagnosed asthma had a higher mcan value for the sum of congh, whecze, chest
tighiness and shortness of breath occuming onee or more per week in the last 4 wecks than any
other parlicipants (p < 0.05). There was also a signilicant trend {p < 0.01) in prevalence of lower
respiratory symptoms that improved away from the building; from 52% ol those with post-
sccupancy onsel asthma, 41% of lhosc with adult pre-occupancy onset asthma, 27% of those
with childhood asthma 1o 23% of those with no physician-diagnosed asthma {Table 4).



HP and Sarceidosiv. Eight participants reported HP, 5 wilh post-occupancy onset and 1
with pre-occupancy onset (2 people did not give diagnosis dates). Sarcoidosis was reported by 6
participants, 3 with post-occupancy onset and 2 with pre-occupancy onset (1 person did not give
a date of diagnosis). Fever and chills were reporied as oceurring once of more in the last 4
weeks by 9%, flu-like achiness or achy joints by 22% and excessive Fatigue by 29% of
participants. A work-rclated pattern was noted by 22% of these with fever and calis, by 30% of
those with Mu-like achiness or achy joints, and by 52% of those with excessive fatigue.

Results of June 2002 survey

Participation. There were 248 participants in the June 2002 survey. Participation was higher
among the invited employees meeting the respiratory casc definition in September 2001
(142200, 71%) than among the comparnison group invilees {D1/154, 59%). Based on the June
2002 questionnaire results, there weve 140 participants in the respiratory case group, 63
participants in the fewer symptoms group, and 44 participants in the comparison group. One
participant had missing questionnaire information and could not be classified. A little over half
ol those asymptomatic m Scptember 2001 reported symptoms 0 months later, with 17%
achicving respiratory casc status, and 38% falling into the fewer symploms group. In contrast, 2
majority (81%) of those meeting the respiratory casc defimtion in September 2001 shil met this
definition ¢ moniths later, 17% fell inte the intermediate group and 2% became asymptomatic.
The demographics of the June 2002 paniicipants stratified by respiratory status are given in Table
5 There were more females and moere current smokers 1n the respiratory case group.

Lung function fests, hreathing medication use and reported respiratory health.
Respiratory cascs had the highest proportions of abnormal breathing tests and breathing
medication usage; the fewer symptoms group had the next highest; and the comparison group
had the lowest proportions of these two outcomes (Tables 6 and 7). Test results indicated more
obstruction than Testriction, and the respiratory cascs had a lrend for a higher prevalence of
obstruction than the other participants. BLIR was higher in the two groups with symploms than
the comparisen group, but this inding was not significantly different. We found very little
breathing medication use reported by the comparison group as comparcd to almost half of the
respiratory cases. Analyses on the never-smokers, showed very similar trends with a prevalence
of abnormal lung lunction tests and medication use combined of 71% for respiratory cases, 30%
for participants with fewer symptoms and 12% for the comparison group.

Quality of life. 'We compared responses to health-related quality of life questions among
the threc symptom status groups. We found siatistically significant irends for increasing
impairment in health-related quality of {ife with increasing scverity of respiralory symptoms.
The largest differcnces were scen for reported physical lmitations {Figure 1). Within the
respiratory case and the fewer symptoms groups we found statistically significant poorer health-
rclated quality of life in relation 10 the presence ol work-related symptoms, excepl for peneral
health status {Figure 2). Similar results were found for bealth-related quality of life and post-
occupancy symptom onsct, cxcept that statistical diffcrences were scen for limitations in
climbing stairs, physical health limiting accomplishments, and physical health limiting the kind
of activitics.

Job stress/dissatisfaction. There were no statistical differences among symptom slatus
aroups [or responses on job satislaction or how often work required a person to work hard.
Being very or somuewhat satisfied with their job was reporicd by 87% of respiratory cases, 90%



of the gronp with fewer symptoms and 93% of the compurison group. Being required to work
hard [requently or very oficn was reported by 51% of respiratory cases, 622 of the intermediate
group, and 45%, of the comparison group.

Work duys fost, The number of days off work m the last 12 months duc to TespUratory
problems was significantly associated with symptom status (p < 0.01). The respiratory cascs had
missed a mean of 6.9 days as compared to 1.7 days for the group with fewer symptoms and 2.0
days for the asymptomatic group. We found that 34%, of respiratory cases had 6 or mare days of
respiratory sick leave, compared to 11% of the fewer symptoms group and 4.7% of the
asymptomatic comparison group (p < 0.01). In contrast there was no statistically significant
di ffercrice between the three groups for non-respiratory sick leave, The respiratory cases lost a
mean of 4.5 days, the group with fewer symptoms lost 7.5 days and the asymptomatic group lost
4.1 days due te non-respiratory conditions.

The number of respiratory sick days was similar for symptematic participants regardless
of whether the onset had been pre- or post-occupancy. A large effect was scen for having
respiralory symptoms that improved away from the building. Respiralory ¢ases with work-
related respiratory symptoms had more respiratory sick days than those with symptoms which
did not improve away from the building, (9.4 vs. 2.4, p< 0.01). In the group with lewer
symptoms, those with work-related respiratory symptoms had more respiratory sick leave than
thosc with symptoms with no work-related patem (3.7 vs. 1.1, p < 0.05).

We estimated sick days over the past year for respiratory conditions and total sk leave
for building occupants by applying the mean work days missed for the three symptom groups to
the number of participants in thosc categories [rom the September 2001 questionnaire (816
participants had adequate data). Respiratory health problems accounted for 34% of sick lcave
days (2490/7402). The respiratory case group represented 23% of the September 2001
participants but contributed 56% (1401/2490) of the respiratory sick leave days. [Fsing the mean
of 2 days of respiratory sick leave reported by the comparison group as a non-huilding related
bascline for building occupants gives an estimated 858 days of excess respiratory sick leave
(2490 — 1632). Thus up to 12% (858/7402) of the preceding 12 months of employce sick lcave
days might have been attribulable to building-related effects.

Breathing medication use. We looked at the prevalence of asthma controller
medications (inhaled corlicosicroids, cromolyn, nedocromil, oral antileukolricnes} and reliever
medications (shor-acting beta-agonists, and ipratropium bromide) wse m the last 4 weeks in
participants with physician-diagnosed asthma for comparison with a national sample ol 1788
U.S. adults with current asthma (Adams el al. 2002} (Fuhlbrigge et al. 2002) using two-sample
tests of proportions. Use of an asthma controller was reported by 39% of our study group vs.
219% of 11.5. asthina cases overall (p < 0.01). The prevalence of 39% asthma controller use was
marginally higher {p = 0.07) than the value of 29% reported for U.S. cases with severe persistent
symploms in the last 4 weeks. Relicver use was reported by 50% of our group vs. 63% of ULS,
cascs {p =< (.05).

Skin prick allergy tests. Over half of the participants met the defimiton for atopy. There
was no statistical di flcrence in the prevalence of atepy between the respiratory casc group, the
group with fewer symptoms and the comparison group. However, pre-oceupancy onsct asthma
was associated with a higher prevalence of atopy (p < 0.03). The results ol individual skin prick
allergen tests showed that pre-occupancy onsct asthma cases had a higher prevalence ol positive
reactions Lo cat, dust mites and weed mix (p < (L01) as well as to cockroach (p < 0.05). We



found that the pust-occupancy onset asthma cascs had the lowest reaction to the mold mixes {p =
0.05) (Figure 3).

Discussion

Physician-diagnosed asthma and respiratory symptoms occurred in excess among our study
participants and was confirmed by an cxcessive rale of airway obstruction and BHR. Studies of
building occupants with known health concems are subject to reporting bias. Tnour study, in
addition to reported symptoms and physician diagnoses, we examined measures of respiratory
disease, including medicalion usage and medical tests. Two-thirds of those classified as
respiratory cascs based on symploms or physician-diagnoses, had cither objective pulmonary
function abnormalities or prescription medications for breathing dilficultics {given with the goal
of normalizing lung function). The higher ratc of hmg function abnormalities and breathing,
metdication usc in the parlicipants reporting respiratory symploms validates the symptom reports.

The majority (60 io 70%) of participants with respiratory symptoms reportcd a work-
related pattern, implying a building-related exposure. The 7% overall prevalence of work-related
whecze was higher than the 2% to 4% in studies of non-problem buitdings (Apte ct al. 2000) and
the 2% to 6% found in studics of problem buildings (Malkin ct al. 1996). In the 9-month inlerval
between the building-wide questionnaire survey and the nested case control survey, more than
half (55%) of the comparison group chosen becausc they had no lewer respiratory or systemic
symptoms in September 2007 had become symptematic, including 17% who were classified as
respiratory cases. Improvement was tarc in September 2001 cases {17%), suggesting a
continued clTeet of building occupancy on respiratory heatth. Some of this responsc pattern may
be attributable to over-reporting duc to general concern about watcr incursions and scntinel cases
with health cffects, but such conecrns had been present sinec before the Seplember 2001 survey.

The estimated incidence of physician-diagnoscd adult onset asthma among the study
participants (1.9 per 1000 person-years) before building occupancy was within the range of other
cstimates for adults, c.p. 2.1 per 1000 person-years {McWhorter et al. 1989), 3.8 per 1000
person-years {Sama ct al. 2003) and about 1 per 1,000 person-years (Reed 1999). T contrast,
after building occupancy, incidence rose 7.5 times to 14.5 per 1000 person-years, consistent with
the symploms which developed in the previcusly asymptomatic comparison group.

The hurden of respiratery problems in this population was reflected in substantial
respiratory sick lcave attributable to buikding occupancy (estimated at 12% of total). The
presence of work-related respiratory symplems was positively associated with respiratory sick
lcave bul time of symptom onset was not, suggesting that having a work-related patiemn to
respiratory symploms was a larger determinant of respiratory sick leave than whether the
symptoms arose belore or after building occupancy.

The proportion of cur study respiratory cascs with 6 or more days of respiratory sick
leave was 34%. In comparison, a population study of 1,788 adults with asthma in the U.S. found
that 11% of participants had 6 or mote days of sick leave in the past year, related 10 their asthma
(Fuhlbrigge ct al. 2002). Tn our study, respiratory cases had a mean of 6.9 respiratory sick days
in comparison 1o 4.4 annual work abscnces because of breathing problems among Canadian
asthmatics (Ungar and Coyte 2000). In the Canadian study more productivity was lost duefo a
deercase in level of functioning at work on days when breathing problems were worse than usual
than due to days ofl work, Although we have no cstimate of productivity 1oss due to a decrease



in functioning at work for our study participants, the high prevalence ol work-relaicd symptom
exacerbation suggests a substantial amount might have occurred. High respiratory maorbidity
was also indicated by the high use of asthma controller medication and decreased prevalence ol
quick-relict medications. This pattern of medication usc is consistent with persistent asthma
associated with daily work-related exacerbstion.

We found strong associalions between respiratory symptom status and Jower health-
related quality of lifke, confirming the social burden of respiratory morbidity in building
ocenpants. in contrast, we found no relation between job stress, job satisfaction, or perceived
work burdens with symptom status; this is consistent with the [indings of another investigation of
building-tclated respiratory discase {Jarvis and Morey 2001 ) and reduces the hkehhood that
disgruntied cmployees in a problem building exaggerate their symptoms,

The specific etiology and mechanisms of the respiratory diseasc in this building remain
wndefned. The skin prick 1est results for immediate hypersensitivity responses 1o common
aeroalicreens were unexpected. Pre-occupancy onsct asthma was associated wilh atopy, as
:mticipated {National Asthma Education and Prevention Program (NALPP) 1997; Peden 2000).
Howcver, post-occupancy cnset asthma cases had much lower prevalence of IgE-mediated
alicrpen skin-lest positivity (atopy). Perhaps the airway inflammation was not driven by an 1gE
mechanism. 1 is possible that non-biclogical imitant exposures wore present, and furthcrmore,
although molds have allergenic properties (Lander ¢t al. 2001), the development of asthma in
damp/moldy conditions may not be IgE-mediated (Savilaht ct al. 2001; Douwes et al. 2003).

The rarity of clusters of HP in the gencral population points to a work-related ctiology for
the cluster in the building occupants. The recent Institute of Medicine report op damp indoor
spaces and health found sufficient evidence for an association between mold or olher agenls m
damp indoor environments and upper respiratory tract symptoms, cough, wheeze, asthma
sympioms in sensitized persons, and HP in susceptible persons (Institute of Medicine 2004). The
cluster of sarcoidosis raiscs concern that this granulomatous himg disease was misdiagnosed 1P
{Forst and Abraham 1993) or has overlapping environmental causes (Kucera ot al. 2003).

The major limitation of this study is the possible mflucnce of participation bias. We had
a 67% participation in our September 2001 survey, and diflerences in health status ol
participants and non-participants could have led to overcstimation of symptom and asthima
prevalence, particularly sinee women were more likely to be participants. Using the most
conservative approach, we compared miniimun possible prevalences amoeng the entire building
population to the extemnal reference populations. We still found excesses of asthma and
symploms in comparison lo the U.S. population and o oflice workers in buildings not knewn 10
have indoor cavironmental problems (data not shown), but no differences in asthma prevalence
in comparison to the state population. Counterbalancing possible response bias among those
accupanis who participated in our study is our finding ol gradients of non-subjective tests and
reported medication use n relation to symplom iniensity.

Tn conclusion, this study cantribules w the growing literature that water-damaged buill
environments can be associated with work-related respiratory disease. This investigation
documents the considerable respiratory iliness, adverse effects on quality el life, and abscoteeism
that have placed personal, social, and cconomic hurdens on many cmployses and their
employcrs. Building-related respiratory discase warrants increased public health, medical
research, and policy attention.
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Table 1. Demographics of 888 participants in the September 2001 questionnare survey.

Charactenistic Proportion or Measure
Women 594,

Ayean ycars {(mean, | ST) 46+ 9

White 74%

I3lack 19%

liispamc %%

Building occupaney in years (mean, + 5D) 612

Current smoker 14%

Never smoker 62%

‘Table 2. Comparison of health outcomes prevalences with NHANES 111%.

Standardized Questions Building
Prevalence

Asthma cver 17.7% (143/810)

Asthia current 12.8%5 {103/804)

Wheezing or whislling in your

chest i the last 12 months 35.9% (291/811)

Stuffy, itchy or ruimy nose in

the last 12 months " 79.3% (643/811)

Walery, ilchy cycs in the lasl

12 months G3.4% (H10/804)

Wheezing, nose, or eye symptoms

botter on days off work ¥2.1% (468/649)

Prevalence
Ratio

2.2
2.4

2.5

1.5

1.6

34

95%, Confidence
Intcrval

19206
2.0-3.0

2228

1.4 1.6

1.4 1.7

3.1-3.7

* The prevalence ratios were adjusted for age, gender, race, and smoking category. Missing
inlormation on these characteristics led o compatisons based on fewcr than the tolal 888

participants. " Our question included ‘sneeving’.
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Table 3. The prevalence of work-related lower respiratory symploms which occurred Irequently
in the previous 4 weeks, compared to LS. office workers.

Prevalence  Prevalence 95% C.1.

Ratio ®
Wheezing 6.9% 2.9 (2.2 3.7)
Coughwng attacks 14.8% 27 {23 32)
Chest tightness 11.3% 4.7 {3.8-5.7)
Shortness of breath 9.6% 4.0 (3.7-5.7)

* The provalence of the 888 study participants compared with results [rom 41 non-problem
huildings (Apte, et al. 2000)

Table 4. Mean number ol lower respiralory symptoms * and prevalence of work-related
symptoms in the last 4 weeks by asthma status and onset penod.

Post-occupaney  Pre-occupancy  Childhood-onset  Ne reporled

onset asthma aduli-onset asthma asthma
asthma
Number of lower 17+1.6% 1.1+1.3° 0.7+1.3%" 05+09"
Tesplratory symptoms
(mcan + SDY°
Work-related lower 34/66 (529) ** 15/37 (41%4) B30 (27%) 1697731 {23%)

respiraloty symploms

? Sum of wheeze, cough, chest tightness and shoriness of breath. " Meuns in the row with the
same letier arce not siguificantly different at alpha — 0.03, using Duncan’s multiple range test
** Cochran-Armitage trend test p= 0.0001
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Table 5. Pemographics of June 2(02 participants by respratory sympiom slalus.

Respiratory I'ewer symploms Comparison
CASE group group LU
n— 140 n=03 n—44
Women ** T3% 44% 59%
Agein years
{mean, £ 5D} 47+ 8 46+9 464 8
Qccupancy duration
{mean years, = 5D} TL2 T2 T2
Current smoker 17% 6% P
Never smoker 56% 0% 70%

*# (Chi-square lest on gender, p — 0.0004
Due to missing values, age and duration of occupancy in respiratory case group are based on 137
participants. For age, the fewer symptoms group = 62 and the compansen group = 42

15



Table 6. Breathing test rosults for participants, stratified by symptom status in Junc 2002

Vunable Respiratory cases Fewer Comparison
prouap SYIMPLOMS group group
Spirometry testing
Abnormal 24% (317131 " 13% (B/62) 7% (3/42)
Obstructed or mixed 15% (20/131) 6% (4/62) 7% (3/42)
Restrichion (low FVC) 8% (11/131) % (4/02) (%% {0/42)
% Predicted FEV1 {Mcan + SDj 920, £ 16° 9%+ 17 1038 £ 12
%, Predicted FVC (Mcan + SD) 4%, + 149 7% £ 16 103% £ 11
Meuthacheline challenge testing
Abnomal (< 16 mg/ml) 19% (19/99) 20% (10/51) 6% (2/30)
< &4 myg/ml (BHR) 6% (0/99) 8% (4/51) %% (0/36)
= 4 and < 16 mp/ml (borderline BHR)  13% (13/99) 12% {(6/51) 6% (2/36)
Bronchodilator testing posilive 18% (241 1) MNone donc None done
Abnormal methacholine challenge or 19% (21/110) 20% (10/51) 6o (2136}
hronchodilator 1ests
Any gbnormal lung function test © 39% (44/114) f 20% (10/55) 1154 {4/37)

® T'wo invalid wests by the symptomatic participants were not included. b Across the row there was a
significant Cochran-Armitage trend test (p <0.01). The significant duffercnees by symptom status
remaincd afier adjusting for smoking category {Cochran-Mantel-Hacnszcl test (p < (.05)). “In a hnear
regression model adjusting lor smoking category, there was a signi [icant effect of symptom status (p <

0.01). The group meeting the respiratory case definition had a lower mean percent predicted FEV1 than
either of the other two groups. “ In a linear regression model adjusting for smoking category, there was a
‘significant cffect of symptom status (p <0.01). The group which met the respiratory casc definition had a
lower mcean percent predicied FYC than the asymptomatic group. © Participants who had cither 2 segative
spiremetry, OF 8 hegalive methacholine/Sronchedilator test, and who had not done the other tests were excluded. " Across
the row there was a significant Cochran- Amiitage trend test (p <0.01). The significant dilferences by
symplom status remained afler adjusting for smokmg category (Cochran-Mantcl-1aenszel 1est (p <
0.013}.
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Table 7. Medication usage and combined medication usage and abnormal lung function
stratificd by symptom status in June 2002,

Respiratory I'ewer symptems Companson

cases group group group
Any medication for breathing problems 465 [65/140) 13% (R/63) 2% {(1/44)
Oral sicroids 21% (29/140) 8% (5/63) 2% (1/44)
Inhaled steroids 19% {27/140) 2% (1/63) 0% {444)
Beta-agonisis 28% (39/140) W (1/63) 0% (0/44)
Positive for any medication 67% (83/124) 18% (21/55)  11% (4/37)

for breathing problems or an abnormal
lung function test

2 across all tows there were significant Cochran-Armitage trend tests (p <0.01). The sigruficant

differences by syniptom statns remained afier adjusting for smoking category {Cochran-Mantcl-
laenszel tests {p < 0.01)).
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Figure 1. Quality of life, compansons amotlg symplom groups.
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Figure 2. Quality of life in the respiratory case and the fewer symptoms groups, stratificd by
work-relatedness of symploms.
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Figurc 3. Allerzy skin test results by asthina diagnosis.
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